verlag 
moderne 
industrie 


The Modern Reiay 


The Modern Relay 


Using cybernetic development 
methods to achieve 
the ultimate in technology 


SDS-Relais 


The Modern Relay 


Using cybernetic development 
methods to achieve 
the ultimate in technology 


By Joseph Eichmeier 


verlag moderne industrie 


‘This book was written in collaboration with SDS-Relais AG. 


Dr.-Ing. Joseph Eichmeier is Professor in Electronics Engineering 
at the Technische Universitit Miinchen. 


‘Translation: James G. Naples 


‘The illustration overleaf shows a sectional view of an SDS R-relay, 
heralding a new era in modern relay technology. 


© 1988 by verlag moderne industrie AG & Co. 
First published in Germany in the series Die Bibliothek der Technik, 
Original title Moderne Relaistechnik 


© 1988 All rights reserved with verlag moderne industrie 

AG & Co., D-8910 Landsberg/Lech, box 1751 

Ilustrations: 

R. Kebler, Weyarn / H, Pittinger, Starnberg 

(acrylic collage “A Universe of Applications”, Fig. 1) 

Wandel & Goltermann, Eningen (Fig. 16) 

On-site photograph by transtechnik, Holzkirchen (Fig, 50 & 51) 
All others by SDS-Relais AG, Deisenhofen 

Printed on Feldmiihle MediaPRINT: paper, silky matt, 135 g/m? 
Printed in Germany 930013 


Contents 


Development, Purpose and Significance of Modern Relays . . 


Structure and Part Functions of Electromagnetic Relays . . . 
Ist GenerationRelays............06 reer: 
QNMGIONSTA ONES eae ae se ek ee eg 
SHAG OREAMOD ROE: ws kee kh ky ee 
RGIONC OLNEY cnc ah: as 4a k gas aes ye eee 
20 Years of “Relay Evolution” —The ResultstoDate ..... 


OtherRelayPrinciples ............... ate 
SOMMCONUNCRONREIRYS: ie Se 6 le ga ne woe 
PhotodlecmicRelaye: aside ikke ale ee avaee 
Bee 0) EA eo era ea ee cee 
THOEMO-EISCIFICRGIAYS eines c se alee eee we ce el ‘ 
Comparison of Modern Electromagnetic 

andSemiconductorRelays 2... 0.20. eeu e nn nae 


TSDROORRCMN Went ie ges ste) a eet os SR, 
ReodChiangs-OverRelays 1.00 cet nee ee 


Nonetolanized Relaysig ssc.ci007 6 4s. 5, 0s a eee wird” 
POISEEZOUNGLANE stig yl alo: (el 0) 4 “oa HuepO 3 Gee 
TGR feeaar sd are Kelas oa) EEE ch ak 
SalecpRelatepeti tes cvs + 4 EM Ae ee a 
PG eee eRe Le 
"Meme Rea tS ces secgsans o i Eos a 8 a 
High-BrequencyRelays... 653s seen e 4 
MiniatureiRelays Today's... is ca ae 
SMT: Mounting Technique ofthe Future ........... 


Relay ApOCHNONS ti .ssjcmet hos vk a, a Van ae 
Retiabiltiviomrestays:s.5(.sumaae ais se Ae wo 
Economic Consider: 


Glossary of TechnicalTerms... 2... 0.2.0.0 0e 


Themantaer of Book. ices) eos ars aceon 


Development, Purpose and Significance of Modern Relays 5 


Five relays in 
use “per 
person” 


Fig. 1 (opposite): 
Modern relays of the 
electronic age are 
found in an unex- 
pectedly large 
number of different 
applications. The 
sectioned relay in the 
centre of the picture 
has a height of 
5.2mm and weighs 
14g 


Development, 
Purpose and 
Significance of 
Modern Relays 


In 1837, when Samuel Morse, using the elec- 
tromagnet invented by J. Henry in 1824 first 
made his “writing telegraph” operate, the 
birth of the relay took place. Anyone talking 
of relays in those days—the days of the mail 
coach—would, however, have been thinking 
of a change of horses. 

Today, there are an estimated 25,000 million 
relays in operation worldwide (approximately 
five for every person on earth). These relays 
carry out switching control and monitoring 
functions in electrical systems, devices and 
equipment at around 25 million operations per 
second. 

Signals applied to the coil can be amplified in 
the contact circuit by a factor of up to 10°, or 
reduced by up to 107'°. Time delays lasting 
from milliseconds to many hours can be 
achieved, as well as branching the signal over 
several contact circuits. 


The safety and efficiency with which this mul- 
titude of switching functions are carried out 
(around a million per second in the Federal 
Republic of Germany alone) are of impor- 
tance to the economy of every country. It is 
therefore worth studying relay technology in 
greater depth. It will then be evident that 
relays are interesting, complex structures, in 
which, in addition to electromagnetic and 
mechanical influences, a range of different 
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Living 
technology 


Fig. 2: 
A traditional tech- 
nology telephone 
relay (type F48 
above) and a 2nd 
generation relay 
(here type TQ from 
SDS). Comparison 
data is given in 
table 1 


factors also operate. Activating and tuning 
these many influences, one to the other, is a 
factor that was neglected during the develop- 
ment of conventional relay technology. This is 
confirmed by publications in which such relays 
were presented as mature designs and their 
technology as fully developed. And yet, this 
seemingly outdated relay technology, which 
some even referred to as dead, displayed the 
capability of being greatly improved both tech- 
nically and economically together with simul- 
taneous miniaturization. 

This is illustrated by the comparison of the 
modern TQ relay (or even the TQ + C-switch- 
ing circuit), with the 160 times larger relay type 
F48. Approximately 50 million of the latter 
are still in operation in German telephone 
exchanges and contribute to making waiting 
periods on average 12 seconds longer than 
would be necessary if relays using today’s tech- 
nology were installed instead. To illustrate the 
point, who would give any consideration to the 
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Type (with 2 changeover contacts) F48 TQ TQ+C 
Relay generation first second | third 
Year of first manufacture 1960 1986 

Volume cm? 100 06 085 
Power consumption mWs 250 0 | os 
|Load switching range VA 100 
Pick-up + bounce time ms et | 
Operational life at 1W swops. | 2-107 ~ 108 

[Price guideline for 1000 pieces © | approx.17| 1.90 2.60 


fact that these 12 seconds taken over 30.4 
billion calls per year (excluding misdialling 
ete.) add up to around 101 billion hours and 
thus cost the national economy of Germany 
alone, (assuming 75% are business calls and an 
average salary level of DM 50 per hour) more 
than 3.8 billion Deutschmarks (£ 1.2 billion) 
per year? In addition to this hidden cost there 
are the considerably higher investment and 
operating costs, which in Germany amount to 
approximately five thousand __ million 
Deutschmarks (£ 1.6 billion). The develop- 
ment of modern relay technology was not an 
act of magic which overcame an apparently 
insurmountable barrier. The revolutionary ad- 
vances in modern relay technology were in fact 
the result of an interdisciplinary, cybernetic 
approach used in developing these products. 
The DABEI Handbook mentioned on page 71 
explains these cybernetic methods more 
closely. 


Table 1: 
Comparison of data 
for the F48 relay 
with the SDS type 
TQ reveals that the 
idea that miniaturi- 
zation increases 
power consumption 
and production costs 
does not hold for 
2nd and 3rd genera- 
tion relays 


Cybernetic 
interaction 


Basic part 
functions 


First part 
function 


Structure and Part 
Functions of Electro- 
magnetic Relays 


In electromagnetic relays there are not only 
mechanical phenomena but also interactions 
of thermal, technological, chemical, and, 
more recently, electronic influences as well. 
The better these are optimized and tuned one 
to the other, the more efficient will be the 
operation of the relay. For specific applica- 
tions, the number of part functions optimally 
tuned to one another, can have an exponential 
effect on the efficiency (see page 30). 


1st Generation Relays 


Conventional type relays have five part func- 
tions, which we will now briefly summarize. 


Conversion of Electrical Current into a 
Magnetic Flux 

Each current-carrying conductor induces a 
magnetic field, the direction and strength of 
which is described by continuous magnetic 
lines of force. The density of lines of force at 
any location is an indication of the field 
strength at that point. The total of the magne- 
tic field lines is called magnetic flux. Fig.3 
shows the lines of force or magnetic flux ® and 
the often neglected, ineffective stray flux ®, of 
a coil (1) with ferromagnetic core (2) and yoke 
(3). Since the ferromagnetic resistance of: 
ferromagnetic materials is an order of mag- 
nitude lower than that of air, the magnetic flux 
flows mainly within this material. However, 
the resistance of the ferromagnetic material 
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increases as the flow density increases, until 
magnetic saturation is approached, where it 
then approximates to the resistance of air. 
The stray flux then increases correspondingly. 
These considerations, again, did not receive 
sufficient attention during the development of 
conventional relays. 

There is no stray flux in the centre of a coil. 
Thus it is often expedient to mount the arma- 
ture (5) in the centre of the coil, as shown in 
fig. 7. 


Converting the Magnetic Flux into a Force 

If the illustrated coil is supplemented by a 
pivoted armature (4), then the core will exert a 
force of attraction, F, on the armature. The 


F 


Fig. 3: 

Magnetic flux ® of a 
coil (1) with 
ferromagnetic core 
(2) and yoke (3). 
The end of an elec- 
tromagnet which has 
flux leaving it is 
described as North, 
plus or N pole and 
the end with flux 
entering as South, 
minus or S pole. 

1 = excitation cur- 
rent 


Second part 
function 


Fig. 4: 

The electromagnet 
shown in fig. 3 has 
added to it a moving 
armature (5), which 
is attracted with a 
force F to the core. 
A change in current 
direction changes 
only the elec- 
tromagnet polarity 
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Fig. 5: 

Traditional magnet 
system. Left with an 
effective working 
airgap “a” and a 
contra-acting, force- 
reducing airgap “b". 
Right with two effec- 
tive working airgaps 
“a” and “b” 


Fig. 6: 
Force/movement 
diagram of magnet 
systems shown in 

fig. 5 (volume 
approx. 18cm?) with 
a current flow of 
100, 200, 300 and 
400 ampere turns 
(AT) 


possibility of utilizing the magnetic flux will 
then be: poor (fig. 5, left); adequate (fig. 4); 
good (fig. 5, right); or optimal (fig. 7). 


The more than doubled forces of attraction of 
the twin airgap system (see fig. 6), result from 
double the utilization of the effective flux at 
gaps (a) and (b) and from the reduction in 
stray flux, brought about by the two legs of the 
yoke (4) and (4’). The curve X (fig. 6) illus- 
trates the movement distance S, where the 
single airgap system is more favourable. 


--> Force movement Ih fig. 5 left 
- Force movernen een fe Brahe 


Operator movement s in mm —— 
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In the magnet system shown in fig. 7, there is 
no significant stray flux with the armature 
mounted in the centre of the coil, and very 
little stray flux through the ferromagnetic cap 
which carries the excitation flux ®; and en- 
closes the system. 


Conduction of Mechanical Energy to the 
Contacts 

In order to transfer the armature attraction 
force F to the relay contacts, a contact spring 
(7) (which also carries the contact parts (8) and 


Fig. 7: 
Section through a 
‘magnet system which 
has its armature A 
pivoted in the coil 
centre, symmetrically 
between poles P and 
P’ and screened 
with a ferromagnetic 
cover 


Third part 
function 


Fig. 8: 
Circuit based on 

fig. 4 with the addi- 
tion of relay contacts 
8, 8, Qand 9’; 
contact spring 7; 
connections 10 and 
10" and reset spring 
11. The power sup- 
plied from the power 
source Q to operate 
device V is to be 
switched on and off 
by the relay 


12 Structure and Part Functions of Electromagnetic Relays 


Fourth part 
function 


Fig. 9: 
Diagram of the elec- 
tromagnetic pull-in 
force F, contact 
Jorce F'x, reset 
spring force Fx and 
resulting armature 
holding force F 
against armature 
movement S 4. With 
the monostable relay 
shown in fig. 8, this 
movement when 
compared to the 
contact movement 
Sx is relatively high 
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(8’) mounted on either side of the free end), 
is attached to the armature. 

The contacts (9) and (9') with their connec- 
tions (10) and (10’) are mounted opposite (8) 
and (8’). On excitation of the relay, both 
armature and contact spring move from 9 to 
9', The contacts move by the distance of 
contact travel s. This opens circuit 7-8 - 9 - 
10, and simultaneously closes circuit 7 — 8' — 
9’ - 10’. Contact 8 - 9, which is closed 
without any excitation, is known as the nor- 
mally closed contact. Contact 8' — 9’, which 
is closed by excitation, is designated the nor- 
mally open contact. It is possible for several 
contact sets to be operated simultaneously. 


Storage of Mechanical Energy Required for 
Contact Opening after Cessation of 
Excitation 

During the excitation of a relay, simultane- 
ously with the movement of the armature and 
the contact spring, a reset spring (11) is ten- 
sioned with a resultant storage of mechanical 
energy. When excitation ceases, this energy 


returns the armature and the contact spring to 
a rest position. With polarized 2nd generation 
relays, armature resetting is much more eleg- 
antly implemented by use of permanent 
magnetic forces. 

‘The interaction of the electromagnetic force of 
attraction F, contact force Fx, and reset spring 
force Fx in relation to the armature path s q is 
illustrated in the force/movement diagram 
(fig. 9). The difference between the resultant 
reset spring force Fro and attractive force F 
provides the armature setting force F ,. 


Conductance of Electrical Current via the 
Contacts 

In the past, the erroneous view was widely 
held that during switching of very small loads, 
the mechanical life could be assumed to be the 
same as the life of the relay. Experience has 
shown that mechanical life exceeds electrical 
life for high load ranges by a factor of approxi- 
mately 107. Due to the cessation of electrical 
stress, it was said, mechanical failures need 
only rarely be expected. Such an assertion was 
generally false, because gettering (see page 
22) was not at that time in common use, and 
contact surfaces remained covered by foreign- 
body layers. The presence of these contami- 
nants meant that below 0.1 V, high and incon- 
stant contact resistances could occur (fig. 16). 
Electrical reliability was lost, resulting in con- 
siderable problems for many relay users. 
Reliable contact operation depends on 


@ cleanliness of contacts, 
@ suitable contact materials and shape, 
@ high contact forces and low contact bounce. 


Hence, the contact operation itself can be: 
poor (fig. 10, left); adequate (fig.8); good 
(fig. 10, right) or optimal (figs. 11 and 12). 
Both the contact mass in fig. 8 and the force/ 


Fifth part 
function 
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Fig. 10: 
Section through a 
conventional single- 
riveted-contact with 
point-shaped contact 
make (left) and a 
three layered welded 
contact with linear 
contact make. (K- 
relay from SDS 
[right], each mag- 
nified 15:1) 


Fig. 1 
Section through a 
S-layered contact 
shown in fig. 12 and 
used in the S-relay 
(fig. 34). The num- 
bers represent the 
layer thickness 
inmm 


travel diagram (fig.9) allow for ample wear 
reserves and lead to the expectation of long 
operational life. In contrast, the changeover 
contact shown in action in fig. 10, left, illus- 
trates that with only little wear of the point- 
shaped contact, contact-make of the centre 
contact may be with the spring of the normally 
open contact, thereby limiting operational 
life. 

The changeover contact arrangement of 
fig. 10, right, is that of a K-relay and is approxi 
mately 100 times more reliable than those 
illustrated on the left in fig. 10. With gold 
plated silver contacts (much less expenditure 
in precious metals), and its approximately 500 
times greater load-break range of 10°° to 


a) 0,005 AUAg 

for dry loads: 
) 0,08 AGNI 
for low to medium loads 
©) 0114-0.2 AgSnO, 
ih high i cate 


4d) 0.025 Ag 
bonding layer for layers cand e 
‘e) Rest CuNi 

for heat dissipation and continued use 
after wear of overlaid contact materials 


Structure and Part Fun 


ns of Electromagne’ 


Relays 


Fixed contact 


/ 


\ 


Moving contact 


120VA, the application range of the K-relay 
contact is also greater. 

A much more extended load-break range, 
namely from 107'° to 1000 VA, is achieved by 
the 5-layer double linear contacts used in the 
S-relay (fig. 34, page47), especially since, 
compared with point-shaped contacts: 


© uniformly thick gold plating is about five 
times more wear resistant; 

@ voltage and load are reliably switched even 
after 10° switching operations at 30 W, 2A; 

® contact resistance remains constant during 
a long operational lif 

® short-circuit protection of 100A is ensured 
for I ms. 


These examples illustrate that even on the five 
basic part functions, which exist in all relays of 
the Ist generation, considerable improve- 
ments have been made. 


2nd Generation Relays 


Modern 2nd generation relays have in addition 
one or more of the following part functions. 


Significant Superpositioning of Permanent 
Magnet and Electromagnetic Flux in the 

Air Gap 

By inserting one or two permanent magnets 
into the magnetic circuit of the relay the direc- 


Fig. 12: 
Linear bifurcated 
contact increases 
contact reliability 
by a factor of 
approx. 50 


Bifurcated linear 


Additional part 


function 
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fer PL 4 Pe forty PL hy 


Fig. 13: 

Polarized magnet 
system of a bistable 
(left) and a mono- 
stable (right) 
miniature relay 


tion of the contact force can be made depen- 
dent on the direction of the excitation current 
(polarized relay). 

Fig. 13, left, shows a section through the 
polarized magnet system of a miniature relay 
with centre of gravity pivoted armature A, and 
permanent magnets. It will be seen that at the 
pole pieces P; and Po, the excitation flux ® p 
generated by the coil, and the permanent mag- 
net flux ® yy superimpose to one total flux yy 
+ ®,, whereas there is only the permanent 
magnet flux ®y on pole pieces P,’ and P2’. 
Due to the greater flux, the armature is at- 
tracted by pole pieces P; and P2 and assumes 
the illustrated position. 

If the coil current is reversed, there is a flux 
difference ®y—®, at the pole pieces P, and 
P 5, whereas the flux  y remains at pole pieces 
P,' and P2'. Because the flux ®y is now 
greater than ®y—®p, the armature is now 
moved from the stable position P ;P2 into the 
stable position P,’P2'. A monostable relay 
differs from such a bistable (latching) relay by 
virtue of the fact that the opposing faces of the 
poles P,P,’ and PP.’ are of different size 
and the permanent magnets are arranged 
assymmetrically (with single-sided air gap 


opposite the pole piece). Fig. 13, right, shows 
the magnet system of a monostable miniature 
relay with two asymmetrically arranged per- 
manent magnets, whereby the armature re- 
setting —after the excitation has ceased —is re- 
tained, and the need for an armature reset 
spring is eliminated. In this case, much less 
energy is required to overcome the restoring 
force, because it is conditioned by the product 
of permanent and electromagnetic flux 
Oy: Op. 


Fig. 14 shows the curve of the attraction force 
F of the armature in relation to the armature 
travel s for a polarized magnet system (e. g. 
fig. 13 right) and a non-polarized (e. g. fi 
page 11) magnet system of equal size, at 
100 mW power consumption. Such a polarized 
system therefore produces a much higher at- 
traction or contact force than a non-polarized 
system. 


F [cN] 


Permanent 


Polarized sys- 
tems: higher 
contact forces 


Fig. 14: 
Diagram of 
armature attraction 
force F in relation to 
armature movements 
s for a polarized (P) 
and an unpolarized 
(N) relay system. 
The curves illustrate 
that well-designed 
polarized systems 
consume signific- 
anily less power 
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Seventh part 
function 


Fig. 15: 
Dual contact spring 
system FLOC (Fle- 
xure Lift Off Con- 
tact) in centre and 
end positions. Below 
the corresponding 
forcelmovernent 
diagram of perma- 
nent magnet pull-in 
and holding forces 
as per fig. 13 (left) 


Aw ‘Armature (A) operating cam 
B.B' Fixed contacts 
c ‘Moving contact mount 


Fe Force on moving contact mount 

Fk Contact force 

F Spring pre-tension due to contact 

Fk Additional contact force due to 
disturbance of the spring ends 

Fy Permanent magnetic pulling force 

Fn External force due to contact 

Fs Position force of armature = Fy—F, 

F =F + Fe 

a Contact gap 

a Gora gap during operating 

1 Gontact spring lena 

1 Sprig longi Tor contact operaton 

h ‘Additional spring leng , for contact 
‘operation 


K.K’. K" Contact points of contact spring 
8 Armature travel (fig. 9) 


Storage of Magnetic Energy to Produce 
Contact Force 

As recently as 1974, a technical journal re- 
jected an article submitted for publication in 
which the author claimed that the excitation 
power —taking into account the stored energy 
of the permanent magnet—becomes less the 
larger the set contact forces. Designers of 
conventional relays have regarded such claims 
as suspiciously close to “perpetual motion”, in 
particular, since it is considered that the pro- 
duction of higher contact forces requires 
correspondingly higher excitation power. 
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Selected from several patented methods of 

obtaining high contact force without excitation 

power, the FLOC (Flexure Lift Off Contact) 

method has proven to be the optimum. 

The FLOC contact is illustrated in fig. 15, at 

both the centre and end positions. With this 

system, the contacts are opened by means of 

the armature actuating comb A’ with short 

spring length |, and contact-make is achieved 

by the larger spring length 1; + 13 with energy 

storing flexibility. 

This results in 

@ a relatively large contact gap a (in fig. 15, 
below: a=s), 

@ lower contact bounce due to the touching 
points K, K’ and K”, 

© significant reductions in power consump- 
tion and contact losses. 

No power is consumed to achieve the high 

contact forces Fx, but only for the actuating 


force Fy: as iy en 
er 
In this equation, i represents the pole face 
surface area, B the induction of the permanent 
magnet circuit, and AB the induction of the 
excited coil, in the air gaps; a stands for arma- 
ture travel, d for the residual air gap length, 
and yt for the permeability of iron (see fig. 15 in 
relation to Fy). 

In theory, the armature actuating force and 
hence the power consumption can be as low as 
required. In practice, however, relays must 
function reliably over a large temperature 
range. Consistent with the temperature coeffi- 


cient of copper wire (° 30%), the coil resistance 


and hence the minimum operating voltage will 
change, whereas ferrite magnets have negative 


F, 


—AB)-F, 


temperature coefficients of approx “2. From 
the lower part of fig. 15, it is easy to realize that 


Properties of the 
Flexure Lift Off 
Contact 


Contact pressure 
without power 
consumption. 


Eighth part 
function 
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‘Temperature 
influence 


Compensation 
of temperature 
influence 


Fig. 16: 

Diagram of contact 
resistance of a 
FLOC relay (a), the 
next best relay (b) 
and the worst relay 
(c) from tests per- 
formed on 21 relays 
{from various manu- 
‘facturers, in pro- 
portion to the 
number of switching 
operations 


a change due to temperature influence has a 
much larger effect on the actuating force F, 
than on the attraction force F y. By tuning the 
temperature coefficients of copper and perma- 
nent magnet, and the attraction and actuating 
forces, temperature influences can be com- 
pensated, so that the pick-up voltage remains 
almost constant. 

The most important factor in the FLOC sys- 


wo! 102, 103104 108 108107 
—— Switching operations 
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tem, however, is the constancy of the low con- 
tact resistance during a long operational life. 
This phenomenon is illustrated by the test 
result of a relay user who checked the contact 
resistance in continuous operation at a load of 
50mV, 10mA, and a switching frequency of 3 
to 10 Hz on 21 different, externally almost iden- 
tical, makes of competitive relays. Fig. 16 illus- 
trates in orange the range of the measured con- 
tact resistance for 10 contacts of a FLOC relay 
(a), the next best (b), and the worst (c) system. 
The report concluded: “Out of 21 types from 
16 manufacturers, only one type could be 
found which fulfilled the stated requirements. 
All the other relay types tested displayed volu- 
metric resistances, which were between those 
of illustrations b and c (fig. 16).” 

In addition to high contact forces and low 
bounce tendency of the FLOC relay, which 
are regarded as positive features, other types 
showed some of the following defects: 


@ Unsuitable contact material (formation of 
oxide and sulphide layers due to a high 
content of non-precious metal or silver), 

@ formation of polymerization products with 
the use of palladium based alloys (together 
with degassing of plastics and missing get- 
tering), 

@ unsuitable choice of material at friction lo- 
cations (development of friction between 
actuating point and contact spring or in the 
armature bearing), 

© poor assembly processes (“contaminations 
of the most careless nature in the relay 
interior”). 

It was also found that the fulfilment of the 

requirements for the use of relays in electronic 

measuring equipment—high though they may 
appear to some relay manufacturers ~is not so 
much a question of cost, but of “know how”. 


Constancy of the 
low contact 
resistance 


Causes of high 
contact 
resistance 
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Ninth part 
function 


How films 
develop on 
contacts 


This is substantiated by the one relay which 
meets these requirements. The FLOC relay is 
only marginally more expensive than the un- 
suitable competing devices. 

If the line resistance of 18mQ is subtracted 
from the volumetric resistance illustrated, 
then the actual contact resistance at com- 
mencement of the test in the relay shown in 
fig. 16a was <10mQ, in that of fig. 16b 
<16mQ, and that of fig. 16¢ <20mQ. This 
confirms earlier test conclusions that faulty 
switching tends to occur earlier in relays with 
proportionately higher contact resistance 
when new. 


Avoidance of Foreign Body Layer Build-Up 
on the Contacts by Means of a Special 
Gettering Method 

A particular problem of relay technology, 
which for many years seemed insoluble, was 
that of foreign body layers or films forming on 
the relay contacts. These led to increased and 
unstable contact resistance. Such films can 
develop due to faulty manufacture or inadequ- 
ate cleaning methods. They also form during 
use of the finished product. These films are 
formed mainly by the emission of vapours of 
aromatic hydrocarbons from the plastic parts 
of the relay, Due to high-energy charge 
carriers and UV energy which is emitted in 
relays during load switching, the hydrocarbon 
molecules are partly split into highly reactive 
molecules, These cross-link to form insulating 
plastics which desposit as a film on the contact 
surfaces thus increasing the resistance of the 
contact surface. In this process, the initially 
clean contact surfaces can even act as a catalyst 
and accelerate the cross-linking. Due to partial 
degradation and build-up of the film during 
switching actions, the contact resistance 
changes in an uncontrollable manner. 


Structure and Part Functions of Electromagnetic Relays 23 


But the formation of film on the contacts can 
be prevented. Foreign molecules, whose emis- 
sion from plastic materials can never be fully 
prevented, are attracted and bound by so- 
called getters, which can be installed in the 
vicinity of contacts. A getter is a layer (for 
example, of an extremely pure, degassed 
metal), which adsorbs gas or vapour molecules 
in large quantities, i.e. binds them to its sur- 
face permanently. Such a getter however 
should selectively gather only organic foreign 
molecules. If it also adsorbs molecules from 
the atmosphere within the relay, this signifi- 
cantly reduces the internal pressure, and with 
it the dielectric strength. Because of this limi- 
tation, a number of well known getter mate- 
rials cannot be considered for application 
within relays. 

Unfortunately this applies to low-cost acti- 
vated carbon, with its high adsorption rate for 
many types of molecules and its unsuitable 
average pore size (2 to 4nm) compared to the 
average diameter of polymer molecules 
(> 100nm). Major progress was achieved by 
the idea of activating the ferrite magnet (al- 
ready present in the modern relay) to form a 
getter, To do this, the magnet surface of the 
open relay is cleared of foreign molecules at 


HCHAe 


Help from 
gett 


Fig. 17: 
Surface condition of 
moving contacts 
(above) and fixed 
contacts (below) 
afier heavy duty. On 
the gettered relay 
the clean condition 
of the surfaces is 
seen to be substan- 
tially better 


18. 

Surface of a barium 
ferrite magnet acti- 
vated to a geter 
(left) and an 
alumina additional 
getter (right) both 
magnified 26000 
times 


Fig. 19: 

Relay with ferrite 
‘magnet getter M and 
additional getter G. 
(DR-type from SDS) 


elevated temperature (130°C) and under high 
vacuum (approx. 10~* bar). The relays are 
then sealed in a clean-air room at normal 
pressure and a relative air humidity of 15%. 


After brief adsorption of various gas molecu- 
les present in the relay interior, the required 
selective and long lasting binding of organic 
foreign molecules takes place. By adding an 
additional getter, e.g, from alumina, the get- 
ter effect can be intensified, 
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The introduction of the new getter method in 
1975 brought about a significant reduction in 
the number of rejections from almost 0.5% to 
0.004% (see also fig. 48, page 63). This reduc 
tion offers major savings in view of the high 
costs usually involved in rectifying reject part 
During long term investigations, gettered ré 
lays have proved their much enhanced quality 
compared to that of ungettered relays, by 
virtue of 
@ contact resistance lower, by approximately 
30% on average (with a standard deviation 
reduced by about 50%), 
© an approximately 40 times higher number 
of switching operations until the first occur- 
rence of a faulty switching cycle (load: 
150mV, 15mA, 100Hz), 
@ a 100 times greater contact reliability. 
These developments of 2nd generation relays 
provided the basis for a significant symbiosis of 
modern relay technology with electronic com- 
ponents, to develop IC relay 


Fig. 20: 
Manufacture and 
quality control of 
modern relays is 
done under excep- 
tionally clean condi- 
tions 


What do getters 
achieve? 


26 Structure and Part Functions of Electromagnetic Relays 


Structure and Part Functions of Electromagnetic Relays 27 


Relays and 
electronics 


Tenth part 
function 


Action of the 
C-switching 
circuit 


Fig. 21: 
C-switching circuit to 
limit power con- 
sumption to the 
pick-up time of the 
relay 


3rd Generation Relays 


Relays of the 3rd generation represent a 
marriage of 2nd generation relays with mod- 
ern electronics, so that energy, space, and cost 
savings can be made, while various different 
switching functions can be achieved or pro- 
grammed. 


Limiting Power Consumption to the Pick- 
Up Time of the Relay 

By combining a polarized miniature relay with 
a simple semiconductor circuit, it has become 
possible to utilize the advantages of bistable 
relays in monostable switching applications. 
Such behaviour is achieved by the C-switching 
circuit. In addition to several diodes and tran- 
sistors, it contains a capacitor which is con- 
nected in series with the coil of the bistable 
telay. 

To drive this relay, input 1 can be used for 
various voltages. Input 2 can optionally be 
driven with voltages which are predetermined 
by the threshold voltage of the Zener diode. If 
voltage is applied between | and 3 or 2 and 3, 
then a charging current, i, will flow through 
the relay coil. 


This causes the relay to pick-up, and the 
capacitor to charge. The charging time con- 
stant of the capacitor C, and the relay’s coil 
resistance, is selected so as to be similar to the 
relay pick-up time (typically a few ms). 

Thus, so long as voltage is applied, power 
consumption is limited to the pick-up time of 
the relay. With the exception of unavoidable 
leakage current, of typically 100A, no more 
current flows, and hence there is no more 
power consumed. 


Storage of Electrical Energy to Achieve 
Contact Opening after Removal of Excita- 
tion Voltage 

If the relay described above were monostable, 
it would drop out immediately after the coil 
current had decayed. A bistable polarized re- 
emains in the last switched 
it receives a pulse of opposite 
polarity. This occurs when the exciting voltage 
E drops below the response value of the trigger 
stage. The capacitor then discharges via the 
transistors T4 and TS, and a current, i, now 
flows through the relay coil. The bistable relay 
sees this as a change of polarity of the excita- 
tion voltage, and reacts by switching-back into 


Ud Excitation voltage 


Current flow in 
C-switching circuit 


Excitation current 


Monostable 
switching almost 
without power 
consumption 


Eleventh part 
function 


Excitation current 
and voltage of a 
relay with C- 
switching circuit 
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Up to 99.9% 
power savings 


Fig. 23: 
Arrangement of the 
C-switching circuit iri 
an R-relay. The C- 
switching circuit can 
also be built into a 

in socket 

'5) or, for the 
fective 
solution, can be 
mounted directly 
onto the pcb and 
connected with the 
relay 


DP 
(fig. 


the contact rest position. Since the energy 
required for this operation is stored in the 
capacitor, no further power is consumed from 
the power source. 

Fig. 23 shows how the capacitor and the inte- 
grated circuit (IC) are mounted within an R- 
relay. 

The significance of the C-switching circuit is 
that monostable switching characteristics are 
achieved with extremely low power consump- 
tion. Depending on the duty cycle or the 
switching frequency, it is possible to achieve 
power savings of up to 99.9% of the energy 
required when compared with equivalent con- 
ventional monostable relays. The benefits are 
low self-heating and hence minimal heat stress 
for the relay and for adjacent components. 
This permits high packing density and leads to 
very low thermo-electromotive forces of less 
than 1 V at the contacts. 


Bipolar integrated 
circuit 


Flexible printed 
cwcuil board 


Capacitor 


Connecting pinns 


= R-relay 


Relay coil 
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Combination of Several Programmable 
Functions 

The symbiosis of integrated circuits with relays 
in the shape of IC-relays has helped expand 
potential applications of relay technology con- 
siderably. Fig. 24 shows the electronic control 
block diagram of an IC-relay. Equipped with 
an input interface, the relay is LSI compatible. 
It can be combined with TTL, CMOS, PROM 
or microprocessor modules, or connected to a 
control bus. Using a special control circuit, the 


m4: 
diagram of an 
electronically con- 
trolled IC relay 


‘Twelfth part 
function 


Fig. 25: 
Construction of an 
IC-relay 
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Controlling relay 
characteristics 
by means of ICs 


Determining 
efficiency 


IC-relay can be operated on parallel interface 
inputs in a monostable or bistable mode or as a 
stepper relay. A voltage stabilizer reduces the 
operating voltage (5 to 15 V) to the required 
internal voltage. Other components eliminate 
interference pulses of up to 50 us duration and 
remove bounce from the input during 8 to 
47ms, depending on the relay type. A driver 
supplies the relay coil with power. Induction 
spikes (noise) are suppressed by Zener diodes. 


The principal characteristics of 3rd generation 
relays are very low power consumption, IC 
compatibility, programmability and a vastly 
increased efficiency. 


Efficiency of Relays 


The efficiency nL, related to a given opera- 
tional life, is a principal quality feature of 
electromagnetic relays, and is calculated from 


_K:P 
"EV 


In the formula, K represents the number of 
contacts. K= 1 for a normally open or a nor- 
mally closed contact, and K=2 for a 
changeover contact. 

Example: Value of K for 2 normally open 
contacts, 1 normally closed and 2 changeover 
contacts = 2-1+1-1+2-2=7. P represents 
the load switching capacity in Volt-Ampéres 
or Watts), E is the power consumption in watt- 
seconds, and V the relay volume in cubic 
centimetres. 

Practical application of efficiency, however, 
requires more than simple arithmetic within 
the formula. Expertise is also needed in relat- 


— 


ing it to a specified operating life and to estab- 
lishing if the number of contacts meets the 
requirements of the specific application. 


However, in order to appreciate the quality of 
the design of any given relay without having a 
specific application in mind, the efficiency 
should be established for maximum load 
breaking capacity at 10° switching operations 
and 95% reliability (see page 62 for further 
explanation of relay reliability). The quality 
features of the relay can thus be indirectly 
ascertained. These include contact resistance, 
contact bounce, self-heating, contact atmos- 
phere (inert gas), as well as the quality of the 
contact, magnet, and insulating materials 
used. In optimum conditions, the efficiency 
can be directly related to the number of part 
functions which it encompasses. Comparisons 
of relay efficiencies presume similarity. It 
should be borne in mind that the efficiency of 
electronic or photoelectric relays (see page 36) 
is largely independent of operational life. 


Generally, the efficiency of the three different 
relay generations, taking into account mono- 
stable switching behaviour at 10° switching 
operations, can be approximated as shown in 
the table below. 


Quality features 


Table 


Typical efficiency 
values nL of the 
three relay genera- 


tions at 10° 


switching operations 


Relay generation 1 2 3 
| Part functions as described 1-5 | 1-9 | 1-12 
Reed changeover relay TM 20 500 105 
Pob relay (4 contacts) m | 200 | 5000 | 108 
Time delay relay nL 10 | 200} 103 
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Efficiency in the 
past 


Miniaturization 
with higher 
performance and 
reliability 


What has been 
achieved? 


It may be appropriate in future to allocate an 
“intelligence quotient”, which is yet to be 
defined, to the efficiency of 3rd generation 
programmable relays, some of which will soon 
be available with inbuilt integrated micro- 
processors, 

The concept of efficiency reflects the history of 
the relay. Until 1968, before the development 
of 2nd generation relays, efficiency was simply 
the relationship of load-switching capability to 
power consumption. Such relay types with 
large, long coils, are illustrated in fig, 2. 


20 Years of “Relay Evolution” 
— The Results to Date 


The optimization of part functions within con- 
ventional relay technology and the addition of 
a further four part functions, cybernetically 
tuned one to another, has brought about dras- 
tic miniaturization, while simultaneously in- 
creasing relay performance and reliability, 
This optimization characterizes the 2nd relay 
generation. Thus, as early as 1980, the founda- 
tions were laid for a symbiosis of modern 
relays with modern electronics. With the addi- 
tion of further part functions, the 3rd relay 
generation was developed. Now, in a multi- 
plicity of different versions, these operate with 
the highest efficiency at the nerve centres of 
technology. 


The following summarizes the fundamental 
improvements brought about by the various 
relay developments to date: 


@ up to 99.9% power saving 

@ 10 times longer operational life 

@ 100 times higher contact reliability 
© 1000 times greater efficiency 


g 
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10,000 times greater load-switching range 
reduced volume and transportation costs 
lower switching noise 

low heat development 

less stress on adjacent components 
negligible operating costs 


There is as yet no end in sight to the develop- 
ment of the electromagnetic relay. On the 
contrary, IC-relays of the 3rd generation are 
being developed further. Surprisingly, the 
electromagnetic relay, which was once pro- 
nounced dead, is very much alive and kicking, 
and it has taken its rightful place within mod- 
ern electronic technology. 


Fig. 26: 
Computer-aided 
analysis of relay 
characteristics in 
development 
laboratory 
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Other Relay ipo a ugg ecg 
Principles 

Electronic From a multitude of different relay designs, 

switching certain solid state relays have become Onecourial 

Fi ‘oe dn a 
economically and technically important. = 
a) Sold state power relay with optocoupler 
Solid State Relays <= 
+o on 

Several semiconductor devices such as triacs, 
thyristors, and power transistors can be used in Control ‘Switched 
a similar way to electromagnetic relays, to voltage a w aed 
switch DC or AC circuits, by applying low Reed rR 
level control pulses. Fig. 27 shows the schema- : (hd 
tic diagrams and load-switching characteristics Load 
of a triac and a MOS power transistor. By ) Solid state power relay with reed relay 

Fig. 28: Block diagram of different types of electronic 

= power relays (solid state relays) 
I 
s * fe L 
applying a voltage pulse to the control circuit 
ae S, the particular element switches from the 

OFF to the ON condition, thereby switching 

the load circuit L. In the load-switching dia- 

Fig. 27: grams, the characteristic curve I represents the 

Schematic and vol- OFF condition, and curve II defines the ON 

tage-current relation. 2 condition of each device. 

ships of a triac 4| Saree 

(above) and a MOS Yes ce 0 Structure of Semiconductor Relays 

POW OnE. Since none of these semiconductor switch ele- 

(below) used as solid as i 

state relays ments offers galvanic separation between con- 

(U = switched vol- trol and load circuits, a suitable separation Isolation by 

tage; I= switched fuss element is needed (e.g. optocoupler or reed _ means of 

current; G = gate; 7 1 relay). By combining such a semiconductor optocoupler or 

S= source; device with an appropriate control circuit an reed relay 

meget Ups sage 

D= drain) electronic solid state relay can be developed. 
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Switching via 
triac 


Disadvantages 
of solid state 
power relays 


Fig. 28 shows two block diagrams of semicon- 
ductor relays suitable for voltage-free switch- 
ing of a power circuit. One circuit contains an 
optocoupler, which transfers the output signal 
of the control circuit to a zero point switch, On 
each positive voltage transition through zero 
this transmits an impulse to the following triac, 
which then switches the load circuit. In the 
absence of control pulses, the triac is turned 
off. In the circuit with the reed relay, the reed 
contact is closed by a control pulse. The triac 
then receives a control pulse via a resistive 
voltage divider and makes the load circuit. 
Each of these two block diagrams shows three 
disadvantages of solid state power relays: 


@ Only alternating voltage loads (ac) can be 
switched, since in the absence of a control 
signal, the triac switches off automatically 
at zero voltage transition, 


® Since the isolation element can only trans- 
mit the control signal and no load, the 
power required for switching must come 
from the load, making it difficult to switch 
very low load levels. 


@ To avoid self-firing during rapid voltage rise 
in the load circuit, an RC network must be 
inserted, This can conduct alternating cur- 
rent. In the OFF state there is a residual 
current of about 1 mA at 240/50 Hz. 


Photoelectric Relays 


The disadvantages of the semiconductor relays 
mentioned are avoided by the photoelectric 
relay shown in fig. 29. In the photo-MOS relay 
the light from an LED in the input circuit 
produces a voltage in a solar cell which then 
drives the gate of a bidirectional MOS-FET. It 


Circuit diagram for a photovoltaic relay (AQV20 type 
from SDS) 


is thus possible to switch an AC circuit connec- 
ted between the two drain connections 4 and 6, 
or two DC circuits each connected between a 
drain and the source connection 5, The gate 
voltage produced by the solar cell is com- 
pletely independent of the switched load vol- 
tage. The advantages of the photo-MOS relay 
may be summarized as follows: 


@ It can switch both de and ac loads. 

@ Its switching range extends from the mic- 
rovolt/nano-ampére range up to 400V at 
0.15 VA. 

@ It has a stable, constant volumetric resist- 
ance throughout its entire life. 

@ The leakage current is <1 "A. 

@ It shows no self-firing during rapid rise of 
the load voltage. 


Further data of a photo-MOS relay of the SDS 
type AQV 20 is on pages 40/41 in table 3. 


Piezo Relays 


In view of the abundant patent literature, the 
piezo relay should be mentioned. In the elec- 


Advantages of 
the photoelectric 
relay 
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Piezo Relays 


Core piece: 
bimetal strip 


tromagnetic relay the contacts are actuated by 
a magnetic field, With piezo relays, this is 
achieved by means of an electric field, utilizing 
the reciprocal piezoelectric effect (electric- 
ion). The armature of a piezo relay con- 
sists of a bimorph strip (two electrically 
opposed polarized piezo ceramic layers with or 
without an intermediate metal layer). In prac- 
tice, piezo relays in their current state of de- 
velopment have not yet found any cost-effi- 
cient application. 


Thermo-Electric Relays 


Thermo-electric relays are used in very li- 
mited, restricted ranges of applications. In this 
type of relay, the heat produced by a current- 
carrying conductor is used to make or break a 
contact. The flexible contact finger consists of 
a bimetalic strip, which bends due to the heat- 
ing effect of the heating element and thereby 
actuates the contact. Time delays of 0.1 to 300 
seconds are achievable. 


Fig. 30: 
Construction of a thermo relay 


Moving contact 
element 


Contact 


Heating element 
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Comparison of Modern Electro- 
magnetic Relays and Semiconductor 
Relays 


Table 3 shows a comparison of the main 
characteristics of modern electromechanical 
relays, solid state relays, and various semicon- 
ductor switches, This illustrates that these 
components are generally used for different 
switching functions. They complement each 
other, but are rarely interchangeable. 


Due to their contact arrangement, elec- 
tromechanical relays (EMR) can switch sev- 
eral circuits, whereas a solid state relay or 
semiconductor switch can switch only one. 
Exceptions are CMOS switches. With semi- 
conductor switches the volumetric resistance is 
defined as the relation of forward voltage drop 
to forward current. The insulation resistance of 
relays is a measure both of the electrical isola- 
tion of input and output circuits and of the 
isolation of open contacts. It is several times 
higher than the corresponding barrier layer 
resistance of semi-conductor switches which 
have no electrical separation between input 
and output. Such separation exists only in 
photoelectric relays and optocouplers. 


Contact capacitance is an indicator of the suita- 
bility of a relay for use at high frequency, and is 
usually measured in pico-Farad (pF). Distine- 
tion is made between capacitance between: 
open contacts: contact pairs one to another; 
and between contact and earth. The values 
stated in table 3 are for open contacts (coil or 
housing earthed). On semiconductor switches 
contact capacitance corresponds to the no- 
load barrier layer capacitance, which is voltage 
dependent and can amount to between 5 and 
400 pF. 


Contact 
arrangement 


Resistances at 
the contact 


Contact 
Capacitance 
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Modern relays 


Modern solid state relays 


Construction A 
MC14066, 
Type OR | ORL | oC s TC 106 M_ | TIC 206M | Buz 71 | Analog switen 
im monostable, > bistable (Jatching) m m _ Thyristor Tac bia ‘MOS 
m 


"(with Neat sink) 


‘Switched current range 


m7 m7 


(0008 ... (307) 003...4 (30%) 


4NO(SNO} 


Switched voltage range 


1,600 ~ | 1... 220 ~ 


Switched load range 


10.008 ..1100 | ~ 70.08 ..880] 


Max. continuous current 


Pick-up time rdounce time 


Pickup poner consumption 31 20°C and ax ceninvous caren mW 


Electrical ite” 


Power consumption at max continuous curent mW 
Permissible devition trom nominel votage 


No.of ops, 


Permissible ambient temperature at 100% duty cycle °C 


= 40 +110 


Shock & Vibration resistance 


g-gite 


‘Standard voltages (curreat) 


42 (10) 


Cost per contact (for 100 devices) 


wna) | 15 - 24 [5-12 15 - 8 
f]too] 10s [180 


4 (0 


040 0.42 


Table 3: 
Comparison of 
characteristics of 
modern electro- 
mechanical relays, 
solid state relays and 
solid state switches 


Switching ranges 


The switched current range of relays depends, 
among other factors, on the contact force and 
on the type, cleanliness, and geometry of the 
contacts. With semi-conductor devices it is 
mainly determined by the chip size and the 
thermal resistance. The switched voltage range 
of relays is determined for closed contacts by 
the size of the contact resistance (minimum 
voltage), and with open contacts by the con- 
tact gap (maximum voltage). For semi-con- 
ductor switches it is limited by both the satura- 
tion voltage and by the maximum collector/ 
emitter blocking voltage. With electro- 
mechanical relays the switched load range can 
extend over a range of 10'°, With semi-con- 
ductor switches it is determined by the SOA 


100 


(Safe Operating Area) and thus is limited to a 
range of 10°. 

The pull-in power consumption for EMR is 
that consumed by the coil which results in the 
relay just operating. In semi-conductor 
switches it is the product of input voltage U pe 
and the input current Ig, which will just effect 
saturation. I is dependent on the switching 
current Is. 

The power consumption in EMRs is higher 
than the pull-in power by a safety factor that 
takes into account wear phenomena, environ- 
mental influences, and manufacturing toleran- 
ces. In solid state switches it is equal to the 
pull-in power plus a safety margin, plus collec- 
tor dissipation. 


1) For semiconductors 
the max switched vol- 
tage applies 

2) When controlled via 
impulses 

3) Limited t0 1 ms 
then 0.04 

4) With suitable 
switched load 

5) For semiconductors 
the max component 
temperature applies. 
6) I changeover & 2 
contacts 

7) Only one half wave 
SOHz 


Pull-in power 
consumption 


42 Other Relay Principles 


__ Other Relay Principles 43 


Fig. 31: 

Examples of power 
consumption of 
transistor BD241C 
(blue) compared 
with S-type relay 
from SDS (red) in 
proportion to col- 
lector or contact cur 
rent 


Bounce time 


Life 


Power consumption P in yW 


03 1 2 3 
Collector or contact current in A 
‘xe Transistor control power consumpticn 


Load losses of transistor 
=P +P. 


Relay contact power losses 
Piet Phen 


P, 
Pe 
P. 
Powe “Folay coll power consumption 
Pp 
Pp 


Fig. 31 shows that the power consumption of 
solid state devices rises much more steeply in 
relation to the collector current (example: 
transistor BD 241 C) than it does with electro- 
mechanical relays in relation to contact cur- 
rent (example: $ relay). 

The maximum bounce time of an electro- 
mechanical relay is the period from the first to 
the last closing or opening of a relay contact 
during the changeover into another switching 
position. Bouncing causes short-term contact 
interruptions. These do not occur in semi- 
conductor devices. 

The maximum electrical life of an electro- 
mechanical relay is the maximum permissible 
number of switch operations at a specified 
contact load under specified conditions, with 
an operating reliability of 95%. In semi-con- 
ductor devices it is unlimited. 


The permissible ambient temperature of an Temperatures 


electro-mechanical relay is the difference bet- 
ween the temperature which results from coil 
and contact heating, and the upper limit temp- 
erature, which is determined by the type of 
plastics used in the relay. In semi-conductor 
switches it corresponds to the permissible 
barrier-layer temperature. 


Application Criteria of Electro-mechanical 
Relays and Semi-conductor Switches 
Electro-mechanical relays are more suitable 
for use in the following circumstances: 


@ with overloads where no elaborate protec- 
tion measures are needed; 

immunity to electrical faults; 

itching independently of the current 
direction (de and ac up into the GHz 
range); 

@ with low switching losses; 

@ when electrical isolation between all con- 
tacts and between contacts and the coil is 
needed. 


Semi-conductor switches are particularly suit- 
able when the emphasis is on 


© switching times <0.2ms, 

@ freedom from bounce, 

@ life being independent of the number of 
switching operations, 

@ loss-free switching during zero transition of 
load current, 

@ immunity to shocks and vibration. 


Electro-mecha- 
nical relays 


Semiconductor 
switches 


First relay of 
the second 
generation 


tional reed 
changeover relay 
with five part func- 
tions (left) and 
modern reed 
changeover relay 
(right) with eight 
part functions 
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Reed Change-Over Relay 


It is worth making comparison of the three 
generations of relays which have now been 
developed. 

Fig. 32 shows as an example a traditional reed 
change-over relay having five part functions 
and a modern relay having eight part func- 
tions. Lower costs coupled with higher effi- 
ciency and smaller volume contradict the con- 
ventional views on relay. 


The reed change-over relay developed by the 
Bell Laboratories in the fifties (fig. 32 left) 
contains a sealed glass tube, into which one 
non-magnetic (2) and two ferromagnetic reeds 
(1, 1‘) have been sealed. On energization of 
the coil, contacts 1 and 1' will close. 

One disadvantage is that silicate vapours are 
released during the sealing of the glass. They 
precipitate onto the reeds | and 1’ and 
thereby cause a high and irregular contact 
resistance. Furthermore, the contact force is 


_ 
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relatively low, making such relays suitable for 
only a small range of load switching. Thermal 
and mechanical stresses on the metal/glass 
touching points can lead to hairline cracks, 
through which pollutant gases can penetrate 
over a period of time thereby degrading 
switching characteristics. 


With little extra cost, however, an improve- 
ment in quality, as illustrated in table 4, can be 
achieved. This requires that several part func- 
tions of the Ist and 2nd relay generations are 
optimized, sensibly combined and tuned, one 
to another, by 


@ mounting the coil carrier in a space and 
cost-saving manner along with fixed con- 
tacts (1’ and 2) and configuring it as the 
protective envelope; 

@ arranging a magnet (5) so that its flux over- 
laps with the flux of the excitation coil; 

@ tuning the temperature coefficient of the 
magnet to that of the excitation coil (temp- 
erature compensation); 

@ activating the magnet as a getter; 

@ undertaking the adjustment in the relay’s 
own magnetic field; 


Problems of 
conventional 
reed relays 


Table 4: 
Powerlprice com- 
parison of a conven- 
tional reed 
changeover relay (a) 
with modern 2nd 
and 3rd generation 
relays (b) shows 
major improvements 
as well as lower 
manufacturing and 
operating costs 
inspite of miniaturi- 
zation 


Reed changeover relay a b Improvement 
as shown in fig 32 i left tight factor 
Relay generation a 2 [3 ers 
Component volume cm*| 3.2 17 19 
Power consumption mWs| 150 too [ 02 | 15 | 750 
Contact force cN| Approx. 2 10 Approx. 5 
Contact resistance m2 _130 10 13 

Load switching range VA| 10-*...2.8 | 10-"... 60 210000 
Change in pick-up 04 01 [oo2 | 4 20 
voltage cid| eae : | | 
Efficiency (at 10°swops) | __12 veo | 10° | 60 | 8000 | 
Priceeach for 1000pese | 4.50 | 1.70 | 3.20 | 2.60 | 1.40 | 
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How the reed 
relay has been 
optimized 


Fig. 33. 
Construction of a 
modern unpolarized 
relay with armature 
and contacts 
arranged at coil 
centre 


@ splitting the reed (1), in order to obtain a 
more reliable double (bifurcated) contact; 

@ filling the relay with inert gas and encap- 
sulating in resin, 


The result of these measures is a drastic reduc- 
tion in the average number of complaints (see 
fig. 48). 


Non-Polarized Relays 


Fig. 33 shows a modern, non-polarized relay 
with twin forced-operated contacts. An inno- 
vation of this relay type is that the armature 
airgap is in the coil centre, whereby leakage 
flux losses are avoided, whilst simultaneously 
the interior of the coil body serves as an inert- 
gas-filled contact chamber. 


If more than one change-over contact is pro- 
vided in a relay, it must be ensured that the 
contacts open and close synchronously; as a 
rule, all contacts should be open for a 
minimum period (50 ps). 


Friction-troe 
wimalute 


p 


Polarized Relays 


To complement the schematic diagram shown 
in fig. 13, the actual construction of a modern 
polarized relay (type S from SDS) is shown in 
fig.34, Permanent flux and excitation flux 
overlap in the airgaps between armature and 
pole shoes. The contact force is obtained 
mainly from the stored permanent magnetic 
pull-in force. This provides high contact forces 
for only low power consumption. The four 
twin bifurcated contacts can also be seen (see 
figs. 11 and 12). These characteristics result in 
the S relay being able to switch an extraordi- 
narily large load range from 10~"® to 10° VA. 
For the S relay type, fig. 47 (page 62) and table 
3 (pages 40 and 41) illustrate the operational 
characteristics which no other relay type can 
achieve and yet still offer an electrical life of up 
to 2+ 10° switching operations. The four con- 


Fig. 34: 
Example of a uni- 
versal polarized 
relay of highest effi- 
ciency and quality. 
SDS type S shown 
full size (right) 


‘The meaning of 
“universal” 
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35 million pieces 
in operation 


Fig. 35: 

First active plug-in 
socket, It converts a 
latching relay (S- 
relay illustrated) into 
a monostable relay 
that consumes no 
power in the oper- 
ated state or converts 
a monostable relay 
into an impulse 
relay. 


Actual size 


tacts of the monostable or bistable relay are 
sealed in inert gas. 

Contact types are 4 NO, 3NO + NC,2 NO + 
2.NC (2 CO) and switching is done with one or 
two coils. There are now over 35 million pieces 
of this “universal” device in operation. 


IC Relays 


The achievements made in developing the 
S relay are by no means over. Combining it 
with IC technology has led to the development 
of a 3rd generation of relays. These develop- 
ments have resulted in users being able to 
solve applications which have not been 
thought possible previously. 


Active Socket 

By mounting the C-switching circuit (fig. 21) in 
the socket of an $ relay, 99.9% of operating 
power is saved, the thermal voltage is reduced 
to LuV even at 100% duty cycle. The pull-in 
time is halved. This first “active” socket con- 
verts a bistable S relay into a monostable relay 
without power consumption in the operated 
condition, and a monostable relay into a wiper 
(impulse) relay. 


= 


1c +0 


a 


le wig T 


Electronically Controlled Stepper Relays 

A two-coil bistable relay, in conjunction with 
an electronic pre-selector switch (VS module), 
is converted into a stepper relay. This is a relay 
with two stable switched positions which 
changes the switched position by unidirec- 
tional pulses. 

The VS module circuit diagram shows that 
after an impulse either relay coil L1 or L2 will 
be excited, depending on the position of the 
relay contact K. After the switching action, 
contact K will be in the opposite switching 
position. The contact K has no influence on 


Fig. 36: 

Switching diagram 
of the VS-module 
from SDS 


37: 

‘S-moduule to con- 
vert a two coil bi- 
stable (latching) 
relay into a stepper 
relay 


Actual size 
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Pre-switching 
module 


Basic require- 
ment: circuit 
must open in 
spite of welding 


ig. 38: 
Safety relay shown 


‘most modern 
development of its 
type. 


the VS module. Due to the action of the flip- 
flop F/F, the relay remains in the attained 
state, until the operating voltage U drops be- 
low 2V. Functional units built into the VS 
module include a voltage regulator, which per- 
mits operation between 3.5 and 28V, a 
Schmitt trigger threshold switch, and a pulse 
generator, which ensures a safe function of the 
module, even with signals which have severe 
bounce. 


Safety Relays 


Safety relays must switch machines and sys- 
tems which have to comply with special safety 
requirements (e.g. presses, furnaces, railway 
signalling equipment, medical apparatus etc.) 
in an “inherently safe” manner. This requires 
at least two series-connected, independently 
operated contacts, which are usually the nor- 
mally open contacts of monostable relays. 

If one of the contacts welds, then the second 
contact in the series performs the switch-off of 
the circuit. Fault recognition is undertaken by 
a forced-operated normally closed contact, 
which is operated simultaneously with the nor- 
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SF 4 -DC 12V 


AG 104104 


mally open contact. If, for example, the nor- 
mally open contact is closed, then the normally 
closed supervision contact must be open, and 
vice versa. Forced-contact operation of one 
contact to the other ensures that the relay will 
drop out even when all contacts of the circuit 
to be safeguarded have welded. An example 
on page 50 shows a polarized, monostable 
safety relay type SF (Safety First). It has a new 
type of forced-contact operation, which com- 
plies with the highest safety specifications 
(e.g. ZH1/457). 


Fig. 39: 
Position of the 
relay contacts a) in 
the de-energized 
condition; b), with 
an outer contact 2 
welded; and c) with 
an inner contact 1 
welded 


Forced-contact 
operation 
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High switching 
capability in a 
small package 


Fig. 40: 

SP-relay which can 
switch 10~* to 
4000 VA on two or 
four changeover 
contacts yet con- 
sumes only 0.3 W 


Power Relays 


High-load-switching relays are available in the 
form of power relays, miniature relays or aux- 
iliary contactors (mini contactors). As a rule, 
they switch in excess of 10A, at 240/415 V. 
Here too the part functions described in the 
second chapter can be utilized. Fig. 40 shows 
such a relay which, compared with conven- 
tional types, occupies a volume of only one 
third and consumes only one fifth of the 
power. Further, if the C switching circuit is 
integrated, only approximately one 
thousandth of the power consumption of con- 
ventional type is needed. In the MC (mini 
contactor) built to German electrical standard 
VDE 0660, there are four contacts. The MC 
contactor is available in monostable or bi- 
stable versions (fig. 41a). 

Recent developments in power relays illus- 
trate how modern relay technology can be 
applied to types for PCB use or for switching 
with either the C switching circuit or the VS- 
module, so that either power consumption is 
reduced from 500 to 2mWs, or stepping relay 
characteristics are achieved. 


Fig. 41: The development of polarized mini contactors 
(SDS mini contactor type MC; 45.2 * 40 X45 mm) to 
the monostable, bistable (latching) or tristable peb- 
safety relay types b and c (45.2 X 40 X 18mm) 


Time-Delay Relays 


There is a multitude of time-delay relays avail- 
able. These have their time period set either 
analogously via a potentiometer, or digitally 
via an encoder switch. PCB time-delay relays 
type TR and TS, which are available for timing 
ranges up to 10, 100, or 800 seconds for either 
On-delay or Off-delay or as pulsing relays with 
adjustable frequency between 0.004 and 5 Hz, 
find a wide range of application. 

The TR type is based on the R relay (see 
illustration on the title page). The TS type 
incorporates the S relay, which has a total of 
four contacts (fig. 34, 2NO2NC, 3NOLNC, 
4NO) and can switch all loads ranging from 
10-° to 1000 VA. No auxiliary voltage is re- 
quired for the Off-delay versions. Both types 
are easily adjusted, even when mounted on 
PCB, and are immune to external interfer- 
ence. They offer highly accurate repeatability. 
Another example of a high accuracy time- 
delay relay having a time elapse visual display 
for use in the range of 0.1s to 100h 39 min is 


Universal load- 
switching ranges 


Universal time- 
delay ranges 


|& 
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Approx 8 
ousing GRASTIN SK 615 FR 


Approx 59 
Housing CRASTIN SK-B15 F polycarbonate 
ia gia 25mm 

Pb holes: 3mm «/-01 mn 

Housing tolerance +/- 01 mm 


ig. 42: 
SDS time delay 
relays type TR (a), 
TS with inbuilt 
potentiometer (b) 
and TS with external 
potentiometer (c) for 
timing ranges 

1... 1000 seconds 


Fig. 43: 
Quartz controlled 
high precision time 
delay relay for 
timing 0.15 sec to 
100 hours with the 
same relay 


the QM48. This time-delay relay is available 
for operation on 12 to 110Vde or up to 
240 Vac. Being quartz controlled, it can switch 
up to 8A, 2kVA max. in ON-delay mode. 
The digitally set reference time and the time 
elapsed display are adjustable in the ranges: 


@ 0.01s to 100s 
@ Isto 100min 
@ I min to 100hrs 


The following is an indication of the prices for 
high-quality, advanced time delay relays, 
based on the 1987 SDS price list, and for an 
order quantity of 1000 pieces Type TR-ap- 
prox. £12. Type TS approx. £14. The prices 
for the OM 48 and its accessories are given in 
the table below: 

Quantity 1 15 | 2 | 50 | 100 
OM48-0C 12... 110V | 6158] 56.84 | 55.98] 54.33] 53.54 


(OM48-ACTt5 and 240v | 6158) 56.84 | 55.98] 54.33] 59.54 


‘Socket AT8-RFD-O 3.51) 3.38] 319] 3.04) 2.63 
Plug AD8-RC | 0.62} 0.56] 0.54] 0.50) 0.45) 
High-Frequency Relays 


HF relays switch signals such as those occur- 
ring in TV aerials, video equipment, HF 
measuring instruments and radio systems. The 
range of high frequency (HF) extends over 
approximately 10 MHz to 1 GHz. The follow- 
ing characteristics are of particular import- 
ance: 

Cross-talk attenuation is the ratio of an unin- 
tentionally coupled signal value to the origi- 
nal. 

Due to capacitance, HF signals can pass from 
one circuit to an adjacent one, even with 
contacts opened. The larger the value of the 
cross-talk attentuation, the better. 

Insertion loss is the ratio of input to output 
power. The insertion loss arises from losses 
due to line inductances, resistances, capacitive 
shunts, and mismatching. Insertion loss should 
be as small as possible. 


7a ; 
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Timing ranges 


Table 5: 

Time delay relay and 
accessory costs in £ 
per piece using the 
example of the SDS 
type OM48 


Characteristics 
of high fre- 
quency relays 
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The matching attenuation characterizes the 
ratio of the incoming HF power to the re- 
flected power. The larger this ratio, the better 
the matching of the relay to the source of the 
HF signal, and the less HF power will be 
reflected. 


The voltage standing wave ratio (VSWR) re- 
sults from the voltage maximum and minimum 
if, due to mismatching, transmitted and re- 
flected signals superimpose. If there is no re- 
flection then the VSWR is 1. 


Structure of an HF Relay 

Fig. 44 shows an exploded view of a high fre- 
quency relay type RK from SDS. 

The main body moulding (1), incorporates an 
earthed shielding chamber (2) and the fixed 
contacts (3). The drive mechanism (4) consists 
of a coil (5) and a parallel guided armature (6). 
Contact actuators (7) have bridge contacts (8) 
attached to them. The cover (9) is sealed to the 
main body by means of a potting compound. 
As shown in the circuit diagram, the contact 
springs (8 and 8’), configured as bridge con- 
tacts, are also earthed when open. 

Table 6 lists significant data for three different 
SDS HF relay types at maximum frequency of 
the switched load. 

The TQ is a universal relay which, for HF 
applications, is provided with a shielded cover. 
The relay type RG is suitable for use as an 
antenna switch-over relay. With a characteris- 
tic impedance of 75ohm, it can be used in 
video technology, and with a characteristic 
impedance of 50ohm, it can be used in HF 
measuring technology. The relay type RK is 
the most modern development of its kind. 


Fig. 44: Construction of a modern HF-relay (illustrated, 
the RK-relay from SDS) 


Miniature Relays of Today 


The universally applicable TQ relay is a good 
example of a modern relay. It has a friction- 
free armature mounting, making the relay 
highly shock and vibration-resistant. It is avail- 
able in both monostable and bistable (latch- 
ing) versions. Gold plated crossbar bifurcated 
linear contacts guarantee high reliability with 


Relay type Ta RG RK 
[Dimensions (Ixwxh) |  14x9x5_[25x19(23)x10.4| 20.2x11.2x97 | 
Contact type 2cO 100(2C0) 100 
Switched load 50 VA 25 VA 0.25VA__ | 
| Operation range <100MHz | <1GHz | <13GHz 
Isolation loss 40 4B >e508 | >60dB | 
Insertion loss 0.1 dB <1d8 < 148 
Return loss > 35 dB > 25 dB > 10 dB 
VSWR 148 <24B < 18d 
Table 6; 


The major sig- 
nificant characteris- 
tics of modern HF- 
relays; dimensions in 


mm 


Fig. 


45: 


The world’s smallest 
universal relay type 
TQ from SDS 
shown full size 
(below) 
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HF suitability 


Fig. 46: 

Surface mounting of 
relays (illustrated 
types DS, TQ and S 
from SDS) 


long life. The low contact capacitance of ap- 
proximately 0.5 pF is a major feature for the 
HF suitability of the TQ. The squat contact 
structure results in a small self-inductance and 
hence, a high self-resonant frequency. The TQ 
relay can be operated both via a C switching 
circuit and in conjunction with the VS-module 
as a miniature stepper relay. A special version 
with gull wing connections is suitable for all 
surface mounting (SMT) soldering  techni- 
ques. 


SMT: Mounting Technology 
of the Future 


The concept of omitting the PCB drill-holes 
and directly soldering the contact connections 
to the PCB tracks, thus allowing components 
to be mounted on both sides of the PCB, has 
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resulted in a considerable increase in system 

capability 

This implies: 

@ considerable space and cost savings 

@ higher, component-independent, mount- 
ing output with simultaneous identity and 
fault testing 

@ simplified component assembly, magazine 
stocking, and feeding 


The critical part of this technology is soldering 
with its associated very high temperature 
stress on the relays. In addition to hot iron and 
laser soldering, the hot belt reflow process is 
often used. Suitable relays are shown in 
table 7. The TQ relay was specially developed 
for surface mounting and can therefore also be 
used with IR reflow, vapour phase, and dou- 
ble wave soldering methods. 


Significance 
of surface 
mounting 


Table 7: 


Characteristics of 
main SDS relay 
types for surface 
mounting 


Relay type “a 
| OR Ta DS2E $ 

Dimensions Ixwxh (above pcb) Ti | 20 x 10x 10.2 4x9x 52 2x99x i | 2B4x 125 x 12 
[tata ay pm Coa | ~_ 160 ~ 200 260 2NO2NC. SNOINC. 4NO| 
Volumetric-/contact resistance in Ie 10/30 20/50 8/35 1030 

Max, make-/continuous-/break current Al 8/3/3 EC 8/3 20/515 
‘Switched voltage range ‘Vdo(Vac) | 10--5...110 (250) 10-9...125 10-5,..250 _10-$...250 
‘Switched load range Wiva) | 10-™...30 (60) 10-9...100 (100) 10-"9...90(250) __|_10 "...100(1000) 
Pick-up/drop-out/bounce time ms | ‘Approx 1.0/0.5/0.4 ‘2/1 wan won | 95/2 | 10/5/2 
‘Switching configuration __mono-| bistable _[mono-| bistable _[mono-| bistable __|mono-| _ bistable 
Number of coils it GE Fa Em Em ee ee Poe ese Te 
Nominal voltage types VOC (VAG) 324 [1524] 324 3-48 15-4 | 348 | 15-48 
Power consumption at 12 V a | 103 [ 63 | 119 | 140 | 100 | 200 | 140 | 70 | 140 | 200 | 100 | 200 
‘Shock-, Vibration resistance oie | 100, 20/2000 50 20055 50, 20/2000 50, 20/1000 
Voltage withstand contact-/contact-coil val 750/1500 750/100 1000/1500 _750/1500 
Efficiency mh | ~ 938 T1876 | 938_| 2720, | ae70 | 1900 | 3685 | 7370 | 3605 | 5700 | 13300 5700 
Price each for 1000 pieces excl, VAT Pal 47 | 194 [ 2.25 198 205| 192{ 198 | 203] 298 | 318 | 3.49 


Relay Applications 


The success of electrically controlled equip- 
ment and systems is influenced by the correct 
choice and application of switching elements, 


Relay 
generation 
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both of which require expert knowledge of the 
operating characteristics. While table 4 (page 
45) illustrates major technical and economic 
differences, table 8 (below) clearly illustrates 
the wide range of application for relays. This 
applies in particular to relays of the 2nd and 
3rd generation. 


1/2)3}112)3}1 12/3} 


Communication 


Supervision systems 
[Signalling systems 


Remote control systems 


[213}1}2|3}1 |2| 


Lighting 


| Medical technology 
Analysi 


Test equipment 


Optical systems 


Office machinery 


Computers 
Domestic equipment 


Toys 


Robots 


|Entertainment electronicsye| le 


Automation 


General installation syst. 


Machine! 
Aerospace 
Military engineering 


Power stations 


Water supy 
Mining/Tunnelling 


Traffic systems 


‘Transportation equipment 


in 
‘Measure= 


mont 
Contr [OF 


Regulation 


Relays 
everywhere? 


Table 8: 
Selected applications 
nd and 3rd 


physical quanti 
are given which can 
be measured, con- 
trolled or regulated 
by relays. The ver- 
tical column gives 
the range of applica- 
tion. Comparison 
with a similar table 
published approxi- 
‘mately eight years 
ago shows a particu- 
larly strong growth 
in the application 
possibilities of Ind 
and 3rd generation 
relays. 
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The implication 
of “reliability” 


Fig. 47: 
Weibull reliability 
data for the S-relay 
from SDS. Failure 
criterion: contact 
resistance > 100mQ 
unless stated 
otherwise 


Reliability of Relays 


Reliability is a component of quality, mea- 
sured in terms of time. It expresses the proba- 
bility of a relay continuing to meet specified 
requirements for a given period of time. 

The economical operation of equipment and 
components does not start until a certain relia- 
bility is achievable. Excessive requirements 
for reliability generally prove to be 
uneconomical. The success of an enterprise is 
therefore significantly influenced by the 
correctly monitored reliability requirements 
of the component. 


It should be generally understood that the 
main features affecting relay reliability are 
contact resistance which should be small and 
constant, and a low tendency of contact 
bounce. Examples of such contact resistance 
are illustrated in the test results displayed in 
fig. 16, and their analysis on page 21. 

At first consideration it may seem plausible to 
measure reliability, under all imaginable con- 
ditions, in terms of operational life. However, 
in practice it is not realistic to state the average 
life for all switching loads and different en- 
vironmental influences. For this reason, in 


many cases, it is decided to publish a Weibull 
diagram (fig. 47) for resistive load switching 
ranges. In the example, the life of the S relay is 
shown for loads from 1nW (which corre- 
sponds to 1A at 1mV) up to LkVA (4A, 
250V AC) at normal ambient temperature. 
The steeper the Weibull lines, the less scatter 
in the life values of individual relays. For 
inductive or capacitive load switching, the ap- 
propriate current and voltage peaks must be 
taken into account. 

If the Weibull diagram does not show a load 
which corresponds to the requirements, or, in 
the event of additional stresses (e.g. raised 
temperatures), life tests under operational 
conditions are necessary at the maximum per- 
missible switching frequency. 


Reliability is further reflected in the number of 
complaints and rejections received. A sudden 
drop in rejections implies that an effective step 
forward has been taken in the direction of 
increased reliability. An example of this is the 
use of getters in all R relays manufactured 
since 1976. This shows (fig. 48) that the bifur- 
cated linear contacts of R relays, (already 50 
times more reliable than single contacts), 
could be improved yet further “at a stroke”. 


0. 
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What does a 
Weibull diagram 
show? 


Reduction in 
rejections 


Fig. 48: 

Pattern of rejection 
rates of ungettered 
and gettered relays 
between 1969 and 
1986. In 1975 the 
changeover to get- 
tering took place. 
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Economic Considerations 


The outstanding developments made in relay 
technology will not be totally understood until 
an evaluation of relay efficiency is made, and 
until the relationship between performance 
and cost is recognized. Such a study was 
carried out in 1982, and concluded that there 
were potential savings for the German 


Conventional relays 


Modern relays 


Sosis 


Savings of £11 economy of approximately 33 billion Deutsch 
billion possible marks (£11 billion) if instead of the approxi- . 
a mately 1 billion Ist generation relays used in SASe seers HO 
the Federal Republic of Germany, 2nd and Iaeaetaa th ednetaeeaihie i 
3rd generation relay types were installed in- a + le ee ¢ costs of a relay failure in an 
stead. The cost analysis for 1982 is illustrated industrial application wer: estimated to be on 
in fig. 49. average 800DM (£ 270). With an average 
Tejection rate for conventional relays of 3% , 
Nowadays, after 5 more years of development the result was 24DM/relay (£8). With the 
and expansion in safety relays, power relays, rejection rate reduced to 0.004% due to get- 
contactors and HF relays for telecommunica- tering, the amount which now would result 
tions, and furthermore with the state-of-the- would be 0.032DM (£0.01). It should be 
art products currently available on the market remembered that there are conventional re- 
(that would not be possible without modern lays which, to some extent, show an even 
relay technology), the potential savings are higher degree of reliability, such as is de- 
even higher than shown in the 1982 study. manded by the aerospace industry. 
Relay type Example 1 Example 2 Example 3 
Bistable relay Stepper relay Adjustable time-delay relay 


‘Type - No of contacts 


Fig. 49: 
Estimated cost 
analysis of a billion 
conventional and 
modern relays. The 
possible cost savings 
are shown in brac- 
kets, The colours 
represent the 
following: 
© Manufacture 
DM 0.5 billion 
(£0.2 billion) 
© Power consump- 
tion DM 4.65 bil- 
lion (£1.5 billion) 
© Storage and trans- 
port DM 4.5 billion 
(£1.5 billion) 
@ Failure costs 
DM 23.8 billion 
(£8 billion) 


Table 9: 
Power-lprice com- 
parison of three Ist 
generation relay 
types with equiva- 
Tents from the 2nd 
and 3rd generation. 


Volume - relay generation om?-n 

ate ae. a *) Not stated due to 

Pick-up (delay) time ms (s) restrictions on 

Voltage withstand contacVearth ve naming com- 
petitors 

Power consumption w pe 

Efficiency at 10° sw. ops. +) No manufac- 

turers informa- 
Price each for 1k pcs £ 


tion 


—— °° °°» 
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Fig. 50: 
Application of 
modern relays. 


Shown here on con- 


Modern relays 
up to 13 times 
lower in cost 


Example 3 in table 9 shows such a relay which, 
at approximately £ 140, is thirteen times more 
expensive than the comparable 3rd generation 
TS relay produced with the new technology, It 
must be remembered, however, that newly 
introduced relays are generally subject to a 
much higher rejection rate. 

Quality and performance have their price, but 
if more output and higher quality 
offered at a lower price, then the: 
tion indicators”, which justify a classifi 
into generatio e. in performance 


different types of Ist generation relays with 
relays of the 2nd and 3rd generation. A further 
example is given in table 4 (page 45). 
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Fig. 51: Peb with rel 
test equipment (AI 


s for high sensitivity automatic 


The demands of higher performance, lower 
price, and higher quality are no longer a con- 
tradiction, due in the main to the development 
of new technologies and economic methods of 
production. Relays which, in spite of intensive 
miniaturisation can offer increased perform- 
ance, cost less, and operate in an energy effi- 
cient and reliable manner, certainly have a 
good future. Fig. 52 predicts the worldwide 
utilization of this knowledge, which itself has 
been developed due to flexibility. The fore- 
casts are based on: 


Modern relay 
the electronic 
age 
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Prognosis for © statistical collation of relays manufactured 
the future @ an estimated average relay life of 14 years 
@ the characteristics, costs, and potential ap- 
plications for relays of the Ist, 2nd, and 3rd 
generation. 


Pieces + 10* or + 10° 


Year 1850 1900 1950 2000 2050 
— _ a 1st generation relays since 1837, Worldwide « 10" pieces 


— _b 1st generation relays since 1837, 
Central Europe 10° pieces 


= © 2nd generation relays since 1968, Worldwide + 10" piecos 


—— 4 2nd generation relays since 1968, 
Fig. 52: ‘Central Europe ~ 10* pieces 
ae growth in 3rd generation relays since 1980, Worldwide » 10° pieces 
Paya overswo {8rd generation relays since 1980, 
hundred years Central Europe * 10" pieces 


Glossary of Technical Terms 


AC relays are operated in the 50-60 Hz range. They are less important for low 
current or signal switching applications. 

‘Ampére turns (AT) The product of the number of windings in a coil and the 
strength of the current flowing through the coil (magnetic flux). 

Armature is that part of a relay which is moved by electrical/permanent-magnet 
forces into different positions and opens or closes contacts during this action. 
Bistable (latching) relays have two stable switched positions. 

C-switching circuit Capacitor circuit which limits the power consumption to the 
pick-up time (0.5 to 10ms) of the relay. 

Change-over contact, when actuated, opens one contact path and closes 
another, 

Contact configuration describes the type and number of contacts. 

Contact reisistance should be as smail as possible (< 25 mOhm) and constant, 
i.e. free from any film, where dry loads with a voltage below 0.1 V are 
switched, When switching high current (>5 A) it must be even lower to reduce 
power loss and heating. 

Counting relays have, as a rule, a stepping mechanism for counters with 
numbers from 0 to 9. 

Efficiency of a relay must be life-related for a specific switched contact load, in 
order to be a valid indicator of quality for a specified application. 

Film resistance is caused by the build-up of high-impedance contaminations on 
contact surfaces and is regarded as one of the major problems in relay 
technology. Use of suitable getter methods can keep film resistance at low 
levels for long periods. 

Forced-operated contacts exist in a relay, if synchronous switching is ensured 
even in fault conditions (c.g. welded contacts), 

Gettering is used in vacuum technology to increase the vacuum. In relay 
technology, it is a method of binding molecules of foreign matter to the 
permanent magnet surface which has been activated into a getter, in order to 
prevent films of foreign matter forming on the contacts, 

Holding current is the minimum coil current which holds the armature in the 
operated condition. Asa rule, it is approx. 30% of the pull-in current, so that in 
conventional arrangements, appropriate economizing circuits were provided. 
By using the C-switching cireuit, the holding current corresponds to the leakage 
current of the capacitor of <0.1 mA or 0.01% of the pull-in current. 

IC relays represent a symbiosis of solid state technology with modern relays. 
intended to provide additional or programmable functions, whilst saving space 
and energy. 

Mercury wetted relays use mercury as the contact material. 

Monostable relays have a definite rest position in the non-energized state. 
Non-polarized (neutral) relays operate independently of the direction of the 
energizing current. 

Normally closed contact opens when the relay is energized 

Normally open contact closes when the relay is energized 


68 Relay Applications 


Prognosis for 
the future 
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Pieces - 108 or « 10” 


25 = 


16 eee 


10 ->—}—_ — 


Year 1850 1900 


‘—— a 1st generation relays since 1837, Worldwide - 10° pieces 
—— _} Ist generation relays since 1837, 
Central Europe 10" pieces 
—— ¢2nd generation relays since 1968, Worldwide - 10° pieces 
—— 6 2nd generation relays since 1968, 
Fig. 52: Contval Europe " 10" plecos 
Estimated growth in © 3rd generation relays since 1980, Worldwide - 10* pieces 


relay use over two t 
hundred years cl generation relays since 1980, 


Glossary of Technical Terms 


AC relays are operated in the 50-60 Hz range. They are less important for low 
current or signal switching applications. 
Ampére turns (AT) The product of the number of windings in a coil and the 
strength of the current flowing through the coil (magnetic flux), 
‘Armature is that part of a relay which is moved by electrical/permanent-magnet 
forces into different positions and opens or closes contacts during this action. 
Bistable (latching) relays have two stable switched positions. 
C-switching circuit Capacitor circuit which limits the power consumption to the 
pick-up time (0.5 to 10ms) of the relay. 
ver contact, when actuated, opens one contact path and closes 
another. 
Contact configuration describes the type and number of contacts. 
Contact reisistance should be as small as possible (< 25 mOhm) and constant, 
i.e. free from any film, where dry loads with a voltage below 0.1 V are 
switched. When switching high current (>5 A) it must be even lower to reduce 
power loss and heating. 
relays have, as a rule, a stepping mechanism for counters with 
numbers from 0 to 9. 
ofa relay must be life-related for a specific switched contact load, in 
order to be a valid indicator of quality for a specified application. 
Film resistance is caused by the build-up of high-impedance contaminations on 
contact surfaces and is regarded as one of the major problems in relay 
technology. Use of suitable getter methods can keep film resistance at low 
levels for long periods. 
Forced-operated contacts exist in a relay, if synchronous switching is ensured 
even in fault conditions (¢. g. welded contacts). 
is used in vacuum technology to increase the vacuum. In relay 
technology, it is a method of binding molecules of foreign matter to the 
permanent magnet surface which has been activated into a getter, in order to 
prevent films of foreign matter forming on the contacts. 
current is the minimum coil current which holds the armature in the 
operated condition. Asa rule, itis approx. 30% of the pull-in current, so that in 
conventional arrangements, appropriate economizing circuits were provided. 
By using the C-switching circuit, the holding current corresponds to the leakage 
current of the capacitor of <0.1 mA or 0.01% of the pull-in current. 
IC relays represent a symbiosis of solid state technology with modern relays, 
intended to provide additional or programmable functions, whilst saving space 
and energy. 
Mercury wetted relays use mercury as the contact material. 
Monostable relays have a definite rest position in the non-energized state. 
Non-polarized (neutral) relays operate independently of the direction of the 
energizing current. 
Normally closed contact opens when the relay is energized 
Normally open contact closes when the relay is energized 
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Polarized relays are available in monostable, bistable, or tristable versions. 
‘Their operation is dependent on the current direction. In applications with the 
same voltage polarity, monostable relays fulfill all the functions of non- 
polarized relays, but with lower power consumption. 

Reliability is the most important characteristic of relays. 

Remanence relays remain in the switched position, due to residual magnetism 
in the magnetic circuit, even after excitation has ceased. Polarized relays 
perform the same function but much more reliably and economically. 
Semiconductor relays have no mechanically operated contacts, but switch the 
current by means of semiconductor elements, such as triacs, thyristors, or 
power transistors. 

Stepper relays. change their switched position due to pulses of the same 
polarity. 

Three-position contactor ~a high-performance relay with three switch posi- 
tions, the centre position being contactless. 

Time-delay relays switch after expiry of a predetermined period of time. 
Vacuum relays contain contacts in a high vacuum for switching voltages up to 
SOkV. 

Wear ~ Loss of material on contacts due to switching ares. 

Weibull diagrams are used for statistical statements of reliability of compo- 
nents which are subject to wear. They show the number of failures in relation to 
the number of switch operations, against defined application and failure 
criteria. 

Wiping relays operate one or more contacts briefly during the action of 
switching ON or OFF. 

Yoke is a soft magnetic flux conducting plate and is the magnetic bridge 
between coil core and relay armature. 


Additional Reading 


Modern Relay Technology ed. by Hans Sauer, Heidelberg 1986. Published by 
Dr. Alfred Hiithig Verlag, 367 pages, 410 illustrations, 50 tables, 240 relay 
types, ISBN 3-7785-1251-X. 


DABEI-Handbuch fiir Erfinder und Unternehmer (Handbook for Inventors 
and Entrepreneurs). Only available in German; publ. by the Deutsche Ak- 
tionsgemeinschaft Bildung-Erfindung-Innovation ¢.V., Friedrich-Ebert- 
Allee 39, 5300Bonn I. (With this book, fifteen successful and well-known 
inventors and entreprencurs and more than a hundred recognized experts in 
relevant sectors have created a work which is unique in many respects. 
Contents: Education, Training—Self-Recognition and System Recognition — 
Cybernetics, Bionics (Methods of Invention)~Technical Progress by 
Cooperation —Inventing From the Problem to the Product - Utilizing Techni- 
cal Information—Protection of Industrial Property—Innovation—Things of 
note~Design and Standardisation Commercial Law-Founding a Company 
—Contracts~- Competition -Succession—Market Research, Marketing—Out- 
line Conditions~Tax Law for Inventions-Interrelations of National 
Economies—The Adventure of Inventing-Inventors~Companies~Short 
Stories—Useful Addresses of Institutes— Award for Inventors~ Technologies 
of the Future—Concise Encyclopaedia~Explanations, Information, Views. 
DABEI Members (Membership Subscription DM 100.00 p.a.) receive a 
DABEI Handbook as a working aid, free of charge. Obtainable from book- 
shops or from the VDI Verlag at a price of DM 148.00. 


‘The Partner of this Book: [SDS] 
RELAIS 


SDS-Relais Ltd, 17 Potters Lane, 
Kiln Farm, Milton Keynes MK 11 3HF. England 


SDS-Relais has written Relay History and is still doing so: 

In 1962, when SDS was founded, relay technology was regarded as 
being fully developed, fully explored and outdated, The then latest 
innovation of renown, the reed relay, was 30 years old, and it was 
fashionable to replace relays with semi-conductor switches. The reed 
change-over relay (type R) introduced a change. Compared with the 
conventional relay, it was much smaller, 500 times more reliable, 
and covered switch and load ranges 50,000 times larger with much 
lower investment and operating costs. Such major advances, which 
were also achieved with other relay types, are unique in the 150-year 
history of the relay. To add to these achievements, IC relays arrived, 
which represent a perfect symbiosis of the modern relay with the 
integrated circuit. These give rise to power savings of up to 99.9%. 
Some IC-relays are also programmable. This progress and its techni- 
cal and economic significance is described in the second edition of 
the Relay Lexicon (English title Modern Relay Technology), edited 
by Hans Sauer, which was published in 1985-1987 by Dr. Hiithig- 
Verlag in German, English, French, Italian, and Japanese. Man- 
ufacturers in the various countries of publication had the oppor- 
tunity to introduce their modern relays in this book, which had a 
circulation of over 100,000 copies worldwide. 

For reasons of patent rights, SDS relays are manufactured and 
distributed exclusively in Asia by Matsushita, in North America by 
Aromat, and in Europe by SDS. These three companies cooperate 
with each other and supply each other, so that continuity of supply is 
ensured, 


SDS in Europe: 


SDS-RELAIS AG, FichtenstraBe 3-5, D-8024 Deisenhofen 
SDS-RELAIS AUSTRIA Ges, m. b, H., Stojanstr, 12, 

A-2344 Maria-Enzersdorf 

SDS-RELAIS (Switzerland) AG, Grundstr. 8, CH-6343 Rotkreuz ZG. 
SDS-RELAIS FRANCE, 10, rue des Petits Ruisseaux, 

F-91370 Verrieres-le-Buisson 

SDS-RELAIS ITALIA S.R.L., Via I Maggio 19, 1-37010 Pastrengo/VR 
SDS-SCANDINAVIA A. B. Box 34063, S-10026 Stockholm 
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